IMPORTANCE While the prevalence of age-related macular degeneration (AMD) differs according to continents and races/ethnicities, its incidence in the European continent has been scarcely documented. 
A ge-related macular degeneration (AMD) continues to be the leading cause of blindness in elderly populations in developed countries. 1 The worldwide prevalence of AMD among individuals aged 45 to 85 years is 8.7%, with a projected number of affected people of 196 million in 2020, increasing to 288 million in 2040 if the incidence remains stable. 2 While prevalence measures the proportion with disease in the population, incidence is also a key measure to plan the demand for health care systems. In addition, prospective studies allow the study of the natural history of disease as well as assessment of the associations with risk factors, which limits the risk of reverse causality (ie, the risk factor being modified by the disease itself). Relatively few population-based prospective studies of AMD have been conducted worldwide [3] [4] [5] [6] [7] [8] [9] [10] [11] and even fewer in the European continent (ie, the Rotterdam Study in the Netherlands, 12 the Copenhagen City Eye Study in Denmark, 13 the Reykjavik Eye Study in Iceland, 14 and the Pa- ). Advanced forms of the disease (ie, atrophic and neovascular AMD), which are associated with visual loss, are usually preceded and predicted by early retinal abnormalities, 16 such as soft distinct and indistinct drusen, reticular pseudodrusen, or pigmentary abnormalities. Several classification systems have been proposed, with varying definitions and stages of early AMD. [17] [18] [19] [20] The major risk factors for AMD are age, smoking, and genetic background (in particular, single-nucleotide polymorphisms in the complement factor H [CFH] Y402H gene and the age-related maculopathy susceptibility 2 [ARMS2]A 6 9 S gene). 16 Associations have also been reported with cardiovascular risk factors, including body mass index (BMI, calculated as weight in kilograms divided by height in meters squared), hypertension, plasma lipid levels, and diabetes.
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The purpose of this report is to describe the incidence of early and advanced AMD and the related demographic, clinical, and genetic risk factors in a population-based study of elderly French individuals.
Methods

Study Sample
Participants of the ALIENOR (Antioxydants, Lipides Essentiels, Nutrition et Maladies Oculaires) Study were recruited from an ongoing population-based study ( . They included a recording of ophthalmic history, measures of visual acuity, refraction, two 45°nonmydriatic color retinal photographs (one centered on the macula and the other centered on the optic disc), measures of intraocular pressure and central corneal thickness, and a tear breakup time test.
Retinal photographs were performed using a highresolution digital nonmydriatic retinograph (TRC NW6S; Topcon). Photographs were interpreted in duplicate by 2 specially trained technicians according to international classification 28 and to a modification of the grading scheme used in the Multi-Ethnic Study of Atherosclerosis 29 for drusen size, location, and area (eMethods 1 in the Supplement). Inconsistencies between the 2 interpretations were adjudicated by a senior grader (C.D.) for classification of AMD and other retinal diseases. All cases of advanced AMD, other retinal diseases, and glaucoma were reviewed and confirmed by specialists (J.F.K., M.N.D., or M.B.R. for AMD and retinal diseases). In addition to retinal photographs, at waves 2 and 3, a spectral-domain optical coherence tomography (SD-OCT) examination of the macula and the optic nerve was performed using Spectralis, version 5.4.7.0 (Heidelberg Engineering). All SD-OCT assessments were performed by the same experienced technician. For the macular thickness acquisition, the following conditions were used: resolution mode, high speed; scan angle, 20°; number of B-scans, 19; pattern size, 20 × 15 degrees; and distance between B-scans, 236 μm. A single horizontal and vertical B-scan image (1536 A-scans) centered on the fovea was also performed.
Assessment of Risk Factors
Clinical risk factors (ie, smoking, hypertension, diabetes, and BMI) were collected during the baseline home visit of the 3C Study by trained psychologists or nurses. For participants who were current or past smokers, the number of pack-years was calculated as the number of smoking years × mean number of cigarettes per day / 20. Diabetes was defined as a fasting blood glucose level of 126.1 mg/dL (to convert to millimoles per liter, multiply by 0.0555) or greater, a nonfasting blood glucose level of 198.2 mg/dL or greater, use of antidiabetic medication, or self-reported diabetes. Hypertension was defined as a self-reported medical follow-up for hypertension, systolic blood pressure of 140 mm Hg or greater, diastolic blood pressure of 90 mm Hg or greater, or antihypertensive treatment. Body mass index was calculated using weight and height measurements obtained during the baseline home visit. Plasma lipid levels were measured at the Biochemistry Laboratory of the University Hospital of Dijon from baseline fasting blood samples using routine enzymatic techniques. Genetic polymorphisms (CFH Y402H and ARMS2 A69S) were determined by the Lille Génopôle in Lille, France, from the DNA samples collected at baseline.
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Statistical Analysis
Characteristics of participants of the ALINEOR Study with and without follow-up were compared using logistic regression (eTable 1 in the Supplement). Incidence rates of early and advanced AMD per person were obtained by dividing the number of incident cases by the number of person-years ( Table 1) . The number of person-years was calculated by adding each person's contribution of follow-up time (eMethods 2 in the Supplement).
Confidence intervals of incidence rates were calculated with Poisson regression models (PROC GENMOD). The cumulative 5-year incidence (CI) was derived from the incidence rate (IR) using the following exponential formula 17 :CI(t)=1−exp (−IR × t). Incidence rates and 95% CIs of early and advanced AMD per eye were obtained using Poisson regression models for correlated data (PROC GLIMIX with random effect for eye).
The associations of early AMD characteristics with incidence of advanced AMD were analyzed using Cox proportional hazards models with delayed entry and age as the time scale. 32 The individual eye was used as the unit of analysis by using PROC PHREG with the covariance aggregate option. This survival model allows the use of correlated data in eyespecific analyses and uses a robust estimate of the variance of estimated parameters to account for correlation between right and left eyes ( Table 2) .
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Associations of clinical and genetic factors with incidence of early AMD and progression from early to late AMD were estimated using Cox models. First, the association with each risk factor was assessed independently using models adjusted for age and sex. Second, stepwise models were applied using variables with P ≤ .20 in models adjusted for age and sex, and a P ≥ .05 was considered for exiting the model. Age and sex were forced into the models ( Table 3 and Table 4 ). Statistical significance was set at P < .05, and all P values were 2-tailed. Statistics were calculated using SAS, version 9.4 (SAS Institute).
Results
Of the 963 participants included in the ALIENOR Study, 134 participants (13.9%) were not eligible for AMD incidence; 49 participants had prevalent advanced AMD in one or both eyes, and 85 participants had no available AMD status at baseline. Among the 829 participants at risk for incident AMD in at least 1 eye, 138 (16.6%) did not participate in any of the follow-up examinations (waves 1, 2, and 3). Of the remaining 691 participants (83.4%), 32 (4.6%) had ungradable AMD status in both eyes at all available follow-ups. This left 659 eligible participants (1189 eyes) who had available AMD status during follow-up. The mean (SD) and median (range) follow-up period for these participants was 3.8 (1.1) years and 4.5 (0.7-5.0) years, respectively.
The mean (SD; range) baseline age for these 659 participants was 79.7 (4.4; 73-94) years, and 413 (62.7%) were women. Nonparticipants were older than participants (eTable 1 in the Supplement). However, other characteristics were not statistically different between participants and nonparticipants except for ARMS2 A69S genotypes (eTable 1 in the Supplement). developed incident advanced AMD during the 4-year follow-up period, corresponding to an incidence rate of 18.6 (95% CI, 13.9-24.9) per 1000 person-years (PYs) and to a 5-year risk of 8.9%. The incidence of atrophic AMD (9.9 per 1000 PYs; 95% CI, 6.7-14.8) was slightly higher than the incidence of neovascular AMD (8.9 per 1000 PYs; 95% CI, 5.9-13.6). 6 ] per 1000 PYs). Conversely, the incidence of atrophic AMD was somewhat higher in men (12.1 per 1000 PYs; 95% CI, 6.7-21.8) than in women (8.6 per 1000 PYs; 95% CI, 0.5-14.9). Taking into consideration only the color retinal photographs, 34 participants (incidence, 14.0 per 1000 PYs; 95% CI, 10.0-19.5) developed advanced AMD vs 45 participants (incidence, 18.6 per 1000 PYs; 95% CI, 13.9-24.9) with a diagnosis based on retinal photographs and SD-OCT examination.
Incidence of AMD
A total of 120 cases of incident early AMD were recorded during follow-up, corresponding to an incidence rate of 79.9 (95% CI, 66.8-95.5) per 1000 PYs and a 5-year risk of 32.9% (Table 1) . As for advanced AMD, early AMD incidence increased with age and was slightly higher in women than in men. Early AMD2 defined as presence of soft indistinct drusen and/or reticular pseudodrusen and/or soft distinct drusen associated with pigmentary abnormalities (hyperpigmentation or hypopigmentation).
b Pack-year calculated as number of smoking years × mean number of cigarettes per day / 20.
c Calculated as weight in kilograms divided by height in meters squared.
d HRs were estimated for 1-SD increases.
Incidence of individual retinal lesions (types and areas of drusen and pigmentary abnormalities) similarly increased with age and was higher in women, except for soft indistinct drusen, the incidence of which was similar in both sex and both age groups. Table 2 presents the eye-specific associations between the baseline early AMD abnormalities and the incidence of advanced AMD. The incidence of advanced AMD in eyes with early AMD1 at baseline was 42.4 (95% CI, 27.4-65.5) per 1000 PYs and was 85.1 (95% CI, 55.9-129.5) per 1000 PYs in eyes with early AMD2 compared with 1.5 (95% CI, 0.6-3.5) per 1000 PYs in those without any AMD. The corresponding 5-year risks were 0.5% in eyes without AMD, 19.1% in those with early AMD1, and 34.7% in those with early AMD2. As shown in the Figure, the incidence rates of advanced AMD were very low in eyes without AMD at baseline, whatever the age group (less than 5 per 1000 PYs). For eyes with early AMD1, incidence rates increased with age from 15 per 1000 PYs for individuals aged 73 to 79 years to 96 per 1000 PYs for individuals 85 years or older. For eyes with early AMD2, incidence rates increased from 62 per 1000 PYs for those aged 73 to 79 years to 133 per 1000 PYs for those 85 years or older. Associations of incident advanced AMD were statistically significant for all types of early abnormalities (ie, intermediate, soft distinct and soft indistinct drusen, reticular drusen, and pigmentary abnormalities), with generally higher hazard ratios for central location of drusen.
Risk of Incident Late AMD According to Early Abnormalities
Association With Risk Factors
Because almost all cases of advanced AMD developed in eyes with early AMD at baseline, we assessed the associations of potential risk factors with the progression from early to advanced AMD. As shown in Table 3 , after adjustment for age and sex, progression to advanced AMD was associated with AMD grade of the studied eye (early AMD2 vs early AMD1: HR, 2.1; 95% CI, 1.1-4.0) but also of the fellow eye, with HRs ranging from 11.9 to 25.4 according to the grade. Associations were also statistically significant with smoking more than 20 pack-years and with CFH Y402H genotype. These association maintained statistical significance in the multivariate analysis except for AMD grade in the same eye. No statistically significant associations were observed with hypertension, diabetes, BMI, plasma lipid levels, or ARMS2 A69S genotype. In age-adjusted and sex-adjusted analysis, the association of incident early AMD was statistically significant with early AMD in the fellow eye and with high plasma highdensity lipoprotein (HDL) cholesterol concentration (HR, 1.3; 95% CI, 1.1-1.5). These associations were maintained in the final multivariate model. Associations of incident early AMD with other risk factors were not statistically significant.
Discussion
In the present study, incidence rates of advanced and early AMD were 18.6 and 79.9 per 1000 PYs, respectively, corresponding to 5-year risks of 8.9% and 32.9%. Progression from early to advanced AMD was significantly associated with AMD grade in the fellow eye, smoking, and CFH Y402H genotype, while incidence of early AMD was associated with AMD grade in the fellow eye and plasma HDL cholesterol concentration.
The incidence of early and advanced AMD were in the range of previous studies performed in populations of European ancestry in the United States, Australia, and Europe (eTable 2 in the Supplement). For instance, in individuals aged 70 to 79 years, the 5-year risk of early and advanced AMD based on retinal photographs only (which was the case for all previous studies) were 28.0% and 4.1%, respectively, whereas previous studies ranged from 14.7% to 43.9% for early and from 0.6% to 4.4% for advanced AMD. 3, 4, 6, 14, 15, 17 As observed in previous studies, 3, 4, 34 women had somewhat higher rates of early and advanced AMD (in particular, neovascular AMD) than men. As expected, advanced AMD occurred almost exclusively in eyes with early AMD at baseline. Moreover, in multivariate models, AMD grade in the fellow eye showed particularly strong associations with progression from early to advanced AMD and with incident early AMD, highlighting the bilateral nature of AMD.
With regard to lifestyle and genetic risk factors, as expected, statistically significant associations of smoking and CFH Y402H genotype with progression from early to advanced AMD were detected.
16 Surprisingly, associations of ARMS2 A69S with progression from early to advanced AMD and incident early AMD were not statistically significant, although it is well known to be associated with AMD and was associated with prevalent early and advanced AMD at the baseline examination of the ALIENOR Study. 30, 31 According to Shuler et al, 35 individuals carrying 2 atrisk alleles for ARMS2 A69S may develop AMD at an earlier age. This may explain why ARMS2 A69S was not significantly associated with AMD in our older population (mean age at baseline, 80 years). Additionally, statistical power was relatively low, as shown by the wide confidence intervals. High plasma HDL cholesterol concentration was significantly associated with incident early AMD. This is consistent with previous observations from the ALIENOR study 21 showing that higher plasma HDL cholesterol concentration was significantly associated with an increased risk of early AMD at baseline. However, results are inconsistent in this field, and a meta-analysis 23 did not evidence any significant association of plasma HDL cholesterol level with AMD in prospective, cross-sectional, or casecontrol studies, although a 2017 meta-analysis 36 using mendelian randomization suggested a potential causal association of elevated HDL cholesterol concentration with risk of AMD. Strengths of this study include its population-based older cohort sample with a follow-up at 3 time points, no major difference between participants and nonparticipants except their age, a good follow-up rate (78.9%), and the use of SD-OCT in addition to color retinal photography to document macular conditions. In particular, most previous studies 1, 7, 8, 10 used 5-year intervals between follow-up examinations. This may have led to survival bias and decreased the incidence rates, as some participants may have developed AMD and died within this 5-year interval and therefore would not be counted as incident cases. Our much shorter intervals (1 to 2 years between examinations) probably has decreased much of this survival bias and may at least partly explain the higher incidence rates observed in our study. Moreover, survival bias may lead to underestimation of associations between AMD and risk factors, in particular smoking, which is positively associated with AMD and with mortality. 37 The effect of the competing risk with death will be evaluated in future analyses from our study, in particular using illness-death models for interval-censored time to event.
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Limitations
Our study had limitations. One limitation of our study is the small number of cases of incident advanced AMD (n = 45), which may have induced insufficient statistical power for detecting some associations with progression from early to advanced AMD. This is particularly true for infrequent risk factors, such as ARMS2 A69S polymorphism, and is reflected by the wide confidence intervals of some of the HRs. We also have not corrected for multiple testing. However, applying the Bonferroni correction to Table 3 and Table 4 would not affect many of the conclusions, leading to thresholds for statistical significance of .0042 for Table 3 and .0045 for Table 4 . Another limitation of our study could come from the representativeness of the sample. As previously discussed, 27 the ALIENOR subsample tends to overrepresent younger individuals and higher socioeconomic status compared with the parent cohort (the 3C study). Accordingly, the individuals included in this study may be healthier and present different lifestyles, in particular concerning their diet and physical activity, compared with the general population. However, for most parameters of interest in our study, in particular smoking, BMI, diabetes, hypertension, and plasma lipid concentration, individuals included in the ALIENOR study were not different from those who did not participate. 27 
Conclusions
In conclusion, in this population-based study of elderly French individuals, the incidence rates of early and advanced AMD were 79.9 and 18.6 per 1000 PYs, which was similar to incidence rates observed in other populations of European descent. This study suggests a high risk for incident early AMD in those with high plasma HDL cholesterol concentration while confirming the high risk for progression from early to advanced AMD in heavy smokers and CFH Y402H at-risk genotype carriers. 
